\ 


/  ' 


% 


V 


4  * 


V 


I 


✓ 


* 


hours, Minutes,  &  halt -seconds  /y«  )c/t*  ^  Machines 

Invented  made  &:  sold  bjr  13.  MART  IN.  X  O^TD  ON'. 


X 


kV 


r 


Tiq.IL. 


Fiy.zr. 


1 

q 

JAT 

ioist  T 

- 1 - 

AB] 

LB 

- — 

_ 

'jns  X??%j#n6z/ DIAL 

Clocks 


O' ,Ji  crrvef 7s  Stulf?* 


DESCRIPTION  and  USE 

OF  A 


N  E  V/  CONSTRUCTION, 

Going  by  a  Weight  Eight  Days;  with  a  Half-Second  Pen¬ 
dulum  of  an  invariable  Length,  and  thereby  dividing 
Time  into  Hours,  Minutes  and  Half-Seconds,  with  all 
the  Accuracy  poffible* 


WITH 


*  _ 

An  Account  of  the  particular  Principles,  derived  from 
Nature  and  Art,  upon  which  this  new  Mechanism 
depends. 

By  B.  MARTI  N. 
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THE 

DESCRIPTION  and  USE 

*•>  O  F  A 

TABLE-  CLOCK 

\  /  .  * 

U  P  O  N  A  '  ' 

% 

NEW  CONSTRUCTION. 


It  is  prefumed  that  every  one  who  pretends  to  any  Skill  in 
Clock-Work,  muft  neceffarily  know,  that  all  the  Truth  of  fuch 
Time-Pieces  depends  upon,  and  refults  from,  the  three  following 
general  Principles  :  (i.)  The  equable  and  uniform  Teyor  of  Force 
in  the  Primum  Mobile ,  or  Firft  Mover,  which  is  either  a 
Weight  or  a  Spring.  (2.)  The  free  and  natural  Action  of 
that  part  which  governs  rand  regulates  the  Motion  in  Clocks  and 
Watches,  and  caufes  them  to  divide  Time  as  equably  as  pofil- 
ble.  This  is  dene  by  a  Pendulum  or  Ballance-Wheel.  (3.) 
The  Goodnefs  and  Truth  of  the  Work  of  the  Wheels  and  Pi¬ 
nions  in  the  Body  or  Train  of  the  Clock. 

*  •  '*  /  1  * 

Now  the  Reafon  on  which  I  ground  my  new  Plan  or  Con¬ 
struction  of  a  Table-Clock,  is  owing  to  the  Obfervations 

I  have 


I  have  long  made  on  the  Defeats  of  the  common  Sort  of  Table- 
Clocks  in  every  one  of  the  above  recited  effential  Particulars.  For, 
in  the  firft  Place,  every  Clock-Maker  muft  allow  that  the  Aclion 
of  a  Weight  is  the  only  Principle  for  generating  equable  Motion 
that  Nature  affords,  at  lead;  much  more  fo  than  a  Spring  and 
Fusee  can  be,  though  it  has  not  been  as  yet  applied  to  Table- 
Clocks.  In  the  fecond  Effential,  the  Pendulum,  I  fhall  be 
more  particular  in  it’s  Defedls  in  common  Clocks  by  and  by  -y 
and  fhall  only  fay,  with  Regard  to  the  Train  of  Clocks,  as  they 
are  ufually  made,  it  is  very  different  from  that  in  mine. 

In  the  new  Conflrudlion  of  the  Table-Clocks  I  here  propofe,  it 
is  neceffary  then  that  they  fhould  go  by  a  Weight  ;  and  that 
this  Weight  fhould  not  exceed  what  is  required  to  adtuate  the 
Pendulum  in  a  proper  Degree,  and  accordingly  it  is  adjufled  to 
anfwer  that  Purpofe  adequately. 

In  the  the  next  Place,  the  Train  of  Wheel-Work  in  thefe- 
Clocks  is  quite  of  a  new  Form ;  for,  as  they  fhew  the  Time  in 
Half- Seconds ,  the  Hour ,  Minutex  and  Second  Hands  are  all  upon 
feparate  Axles,  and  independent  of  each  other,  there  being  no¬ 
thing  of  that  Intercalary  Work  between  the  Dial-Plate  and  Body* 
of  the  Clock,  as  in  all  others;  and  by  this  Means  the  Syftem  of 
Wheels  and  Pinions  is  undoubtedly  rendered  the  molt  fimple  and 
perfedt  that  this  Sort  of  Mechanifm  will  admit  of. 

Further,  a  new  Calculation  for  the  Train  in  general,  and 
quite  a  new  Form  for  the  Swing-Wheel  became  neceffary,  inaf- 
niuch  as  this  Wheel  immediately  adls  upon  the  Pendulum,  and 
not  only  communicates  to  it  the  requifite  Impulfe,  but  likewife 
determines  the  Arch  of  Ofcillation  or  Vibration ,  upon  which  the: 
Truth  of  Clock-Work  fo  much  depends. 

In  order  to  make  this  important  Article  of  the  Pendulum  as 
plain  as  may  be,  I  fhall  here  explain  it’s  principal  Properties  by 
a  Figure  in  the  Frontifpiece .  Let  (a)  be  a  heavy  Ball,  fufpended 
upon  the  String  (A  a)  from  the  Axle,  or  Center  A,  on  which  it  is 
fuppofed  to  move  with  the  utmoft  Freedom,  Then  if  this 
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Ball  were  brought  to  the  Point  (a),  and  there  let  go,  it  would  de~ 
fcend  and  vibrate  through  an  Arch  (a  a)9  bifedted  in  the  Point  C 
by  the  perpendicular  Line  A 

But  this  Arch  or  Extent  of  Vibration  will  very  fenfibly  leffen, 
and  in  a  few  Minutes  be  reduced  to  the  fmall  Arch  G  H,  of 
about  Half  an  Inch' in.  Length,  in  which  the  Pendulum  will 
continue  to  ofcillate  for  a  confiderable  Time,  'till  this  alfo  gra¬ 
dually  decreafing,  the  Ball  or  Pendulum  will  at  length  be  re¬ 
duced  to  reft  in  the  loweft  Point  C. 

Now  the  Pendulum  is  reduced  to  reft  by  the  Adlion  or  Re - 
JiJlance  of  the  Medium ,  Axle,  &c.  From  hence  it  appears  that  a 
Force  muft  be  derived  from  the  Primum  Mobile ,  or  Weight, 
through  the  Train  of  the  Clock,  and  imprefled  on  the  Pendu¬ 
lum,  that  fli all  be  a  little  fuperior  to  the  retarding  Forces  of  Re¬ 
finance,  that  fo  the  Clock  may  be  conftanfly  kept  in  Motion. 

Since  all  the  Truth  of  a  Clock  depends  upon  an  exalt  Equality 
in  the  Times  of  Vibrations  of  the  Pendulum,  and  thefe  Times 
can  never  be  equal  but  when  the  Pendulum  moves  in  the  Arch 
of  that  particular  Curve  (b  c),  which  is  called  a  Cycloid ,  and  that 
muft  be  effected  by  making  the  String  of  the  Pendulum  apply 
itfelf  to  the  two  inverted  Parts  of  the  fame  Curve  A  f,  A  g, 
(called  cycloidal  Cheeks)  therefore ’it  will  follow  that  no  Pendu¬ 
lum,  left  to  itfelf,  can  ofcillate  in  equal  limes ;  as,  in  that  Cafe, 
it  muft  defcribe  the  Arch  of  a  Circle  (d  e.) 

But  fince  the  Cycloid  (b  c)  and  the  Circle  (d  e)  do  both  pafs 
through  the  Point  C;  and  that  therefore  they  muft  nearly  coin¬ 
cide  for  a  fmall  Space  on  either  Side,  as  from  C  to  G  and  H ; 
confequently,  if  the  Pendulum  vibrates  through  a  very  fmall 
Arch  G  H,  of  about  3  or  4  Degrees,  or  i.  an  Inch,  it  may  be 
deemed  as  vibrating  in  the  Cycloid  (b  c),  and  therefore  in  equal 
Ikimes.  Hence  the  Reafon  why  the  Pendulums  of  thefe  new 
Clocks  ofcillate  through  fo  fmall  an  Arch  as  I  an  Inch,  or 
\  at  moft, 
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Whereas  in  the  common  Clocks  the  Pendulum  P  is  often  ob- 
ferved  to  fwing  through  an  Arch  of  a  Circle  P  P  of  4,  5,  and  6 
inches  Length;  and  therefore  far  enough  different  from  the  Cy* 
chid  R  R  through  the  fame  Point  Hence  it  mull  be  eafily 
feen,  how  far  fuch  Pendulums  mult  be  from  any  Difpolition  to 
vibrate  in  equal  Time,  and  that  they  never  can  go  true  but  by 
Violence  and  unnatural  Methods;  for,  as  I  obferved,  no  Pendu¬ 
lum  does  naturally  vibrate  in  a  large  Arch ;  the  continued  large 
Oicillations  of  Pendulums,  therefore,  in  common  Clocks  mult 
proceed  from  the  too  great  Force  or  violent  Adtion  of  the 
Spring. 

It  is  alfo  well  known,  that  for  a  Pendulum  to  vibrate  in  a 
given  'Time  it  mull  be  of  a  given  Length  :  By  the  Length  of  the 
Pendulum  is  meant  the  Distance  between  the  Center  of  Motion 
and  of  Ofcillation ;  but  where  either  of  thefe  Centers  can  be 
found  in  the  common  Pendulums  of  Clocks,  there  are  no  Means 
to  difcover.  In  the  Clocks  I  make,  thefe  Centers  are  truely  de¬ 
termined,  and  confequently  the  Length  of  the  Pendulum,  by 
Mathematical  C alculation . 

As  the  Equability  and  Truth  of  the  Ofcillation  of  Pendulums 
depend  on  their  Length,  it  is  evident,  unlefs  that  Length  be 
conftant,  the  equal  Motion  cannot  be  fo.  But  metalline  Sub - 
fances  of  every  Kind  have  their  Lengths  variable  by  Heat 
and  Cold  ;  confequently  the  Rods  of  the  Pendulums  for  thefe 
new  Clocks  are  not  to  be  of  Metal,  but  of  fuch  a  Subftance  as 
will  not  fenfibly  alter  in  Length  by  the  moft  extreme  Degrees 
of  Heat  and  Cold  that  any  Clock  can  poffibly  be  expofed  to. 

Laftly,  the  Length  of  a  Pendulum,  conftrudted  as  it  ought  to 
be,  has  alfo  a  Relation  to  the  Ratio  there  is  between  the  IVeight 
of  the  Rod  A  B,  the  Weight  of  the  Rob  B  S  F  T,  and  the  Diameter 
thereof  B  F :  Thefe  are  therefore  moft  fcrupuloufly  to  be  at¬ 
tended  to,  and  determined  by  a  Ballance. 
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But,  that  the  Whole  of  this  new  Plan  of  Clock-Work  may  ap¬ 
pear  in  one  Point  of  View,  I  have  here  conneded  ail  the  EjJ'en- 
tials  as  follow  :  (i.)  The  Diflance  A  C  of  the  Center  of  the 

Ball  or  Bob  C  from  the  Center  of  Motion  A.  (2.)  The  Diflance 
AD,  or  A  E,  of  the  Center  of  Ofcillation  D  or  E,  from  the 
Center  of  Motion  A.  (3.)  The  Radius  B  C  of  the  Bob,  which 
in  thefe  Clocks  is  a  circular  Plane  B  S  FT,  (4.)  The  Weight 
of  the  Bob,  (5.)  The  Weight  of  the  Rod.  (6.)  The  Arch 
or  Chord  of  Vibration  GHorNO.  (7.)  The  peculiar  Nature 
and  Subftance  of  the  Rod.  Thefe  are  all  determined  with  the 
greatefl  Precifion  in  thefe  new  Clocks;  but  in  the  Conftrudion 
of  Clocks  in  the  common  Way,  there  is  not  the  lead:  Regard  to 
the  due  Quantity  of  any  one  of  them.  In  fhort,  all  that  Na¬ 
ture,  by  Number,  Weight,  and  Measure  can  impart  to 
Mechanifm,  is  here  applied  to  the  utmofl  of  my  Power. 

Thefe  Clocks  go  Eight  Days ;  and  being  conflruded  upon  fo 
natural  and  perfed  a  Plan,  they  merit  to  be  regarded  as  Regu¬ 
lators,  by  which  Watches  and  other  lefs  accurate  Time-Pieces 
may  be  fet,  and  by  which  the  nicefl  Purpofes  of  Afr Gnomical  and 
Chronomctrical  Obfervations  may  be  anfwered,  as  they  may  be 
flopped  at  fo  minute  and  critical  a  Point  of  Time  as  Half  a  Se¬ 
cond,  which  is  twice  the  Exaftnefs  of  the  ufual  large  Regulators . 

If  the  Motion  of  the  Clock  fhould  at  any  Time  be  flopped,  by 
forgetting  to  wind  it  up,  or  otherwife,  it  may  be  fet  by  a  Dial 
adj ufted  by  a  magnetical  Needle,  which  is  alfo  contrived  to 
anfwer  that  Purpofe  in  the  bed  Manner,  in  any  Latitude  lefs 
than  60  Degrees;  and  to  that  End  I  have  placed  in  the  Clock  a 
Table  of  the  Equation  of  Time,  rectified  to  the  prefent  Year 
1770,  and  will  ferve  for  many  Years  to  come  without  fenfible 
Error. 

For  ailronomical  Ufes  it  fhould  be  fet  by  the  Altitude,  or 
equal  Altitudes  of  the  Sun ;  and  by  Obfervations  of  the  Stars,  it 
may  be  always  made  to  fhew  the  mean  Time  corre&ly,  as  they 

very 
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very  well  know  how  to  effeCt,  who  are  concerned  in  thefe  curious 
Parts  of  Science,  without  any  Directions  From  me. 

If  any  Perfon  be  defirous  of  feeing  a  genuine  Demon  ft  ration  of 
the  Truth  of  every  Thing  here  advanced,  he  may  be  fully  fatis- 
fied  by  confulting  a  Treatifs  intituled  Inftitutiones  Horologicce,  o.r 
Phyjico-Mathematical  Theory  of  Clock-Work,  which  was 
publii'hed  fome  Years  ago  as  aPart  of  my  Mathematical  Insti¬ 
tutes,  in  3  Vols.  8vo. 

And  it  may  be  fome  Satisfaction  to  the  Public  to  be  affured, 
that  I  have  placed  the  Rods  of  thefe  Pendulums  upon  a  Pyro¬ 
meter,  which  magnifies  the  Extension  of  any  Subfiance  3000 
Times;  and  though  placed  very  nigh  to  a  great  Fire  there  ap¬ 
peared  no  Motion  of  the  Index,  which  for  Metals  would  have 
made  feveral  Revolutions  with  that  continued  Degree  of  Heat. 

At  the  fame  Time  I  kept  them  in  a  Glafs  Tube  in  a  freezing 
Mixture  (of  Salt  and  Snow,)  but  could  perceive  no  fenfible  Dif¬ 
ference  in  the  Length.  The  fame  Rods,  taken  hot  from  the 
Fire,  were  immediately  plunged  into  Spirits  of  Wine,  and  after 
being  thoroughly  faturated  with  the  Liquor,  difcovered  no  Dif¬ 
ference  in  Length  that  could  affeCt  the  nicefi  Time-Piece  what¬ 
ever. 

Therefore,  by  finall  Degrees  of  Heat  and  Cold,  Moifiureand 
Drynefs,  the  Rods  of  thefe  Pendulums  cannot  be  affeCted  in  any 
fenfire  Degree,  nor  be  productive  of  the  Errors  which  are  com- 
mon  to  thofe  of  Metal.  And  therefore  what  Hugenius  obfervos 
of  his  Clock,  whofe  Pendulum  ofcillated  in  the  Arch  of  a  Cy¬ 
cloid,  may  with  almoft  equal  Truth  and  Propriety  be  applied  to 
thefe,  viz.  That  fuch  a  Clock  muji.  either  meafure  Tune  truely,  or 
not  at  all .  And  I  hope  it  will  not  be  thought  prefumptuous  to 
affirm,  that  Thefe  are  the  firfl  and  only  Clocks  that  have  been  con~ 
jlrucled  with  an  invariable  Pendulum,  of  a  Half  Second! 
Length,  and  put  in  Motion  by  a  W eight. 
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There  is  indeed  an  Account  of  a  Pendulum  immutable  in  Vol.  vih 
of  the  new  Commentaries  of  the  imperial  Academy 
of  Sciences  at  Petersburgh.  But  when  we  are  told,  that  it 
had  a  Steel  Rod ;  and  that  it  would  not,  perform  accurately  but  in 
one  conjlant  Temperature  of  Air ,  regulated  by  a  Thermometer,, 
we  have  no  Reafon  to  think  it  could  deferve  that  Title  in  the 
lead;  Degree,  but  juft  the  contrary;  for  no  metalline  Pendulum 
was  ever. yet  heard  of,  that  was  not  of  ^mutable  Nature.  Be- 
fides,  this  pretended  immutable  Pendulum  was  not  apply’d  to  a 
Clock ,  but  to  a  particular  Chronometer .  And  therefore,  as  it  is 
now  near  Twenty  Years  fince  I  firft  {hewed  and  recommended 
this  truely  invariable  Pendulum  in  my  public  Lectures,  as  the 
only  genuine  Regulator  of  Motion  in  Clocks,  I  have  no  Doubt 
at  all  but  that  the  ingenuous  Part  of  the  Public  will  allow  my 
Right  to  the  Invention. 

Every  Purchafer  of  thefe  new  Clocks  may  be  affured  that  the 
true  and  perfect  Adjuftment  of  the  Pendulum,  in  regard  to  it’s 
due  Length  WWeight,.  is  performed  by  my  own  Hands  ->  and 
that  the  greateft  Care  will  be  taken  that  the  Work,  in  every 
other  Part,  (hall  be  good.  And,  what  is  moreover  quite  pecu¬ 
liar  to  this  ConftruCtion,  is,  that  the  Length  of  the  Pendulum 
being  invariable ,  is  to  be  always  truely  afiigned  and  determined 
(when  required)  by  a  Gauge.. 

In  the  Works  of  Nature  we  never  fail  to  admire  the  moft 
evident  Simplicity  and  Congruity  of  Parts ;  and  in  Works 
of  Art,  the  more  Simple  the  Meehan], m,  the  more  perfect  the' 
Machine  has  been  an  indifputable  Maxim,,  and  fcarce  ever 
contradicted  but  in  Clock-Work ;  where,  to  produce  the 
moft  perfect  Time-Piece,  we  have  feeu  the  moft  complex,, 
and  intricate  Mechanifm  employed.  But,  as  the  Public  has 
paid  pretty  well  for  fuch  abfurd  Procedures,  I  hope  the  new 
ConftruCtion  of  a  Clock  here  offered  them,  as  it  confifts  of 
the  leaft  Number  of  Parts  to  anfwer  fuch  extenfive  and  ac- 

C  -  ^  tuate 
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tC urate  Purpofes,  will  be  favorably  received;  and  no  greater 
Succefs  is  defired  than  what  is  proportionable  to  the  Merit  of 
the  Machine. 

Fig.  II.  is  a  View  of  the  Face  of  the  Clock;  and  Fig.  III.  of  an 
horizontal  Dial  for  fetting  the  Clock  by  Means  of  the  Equation 
Table*,  this  Dial  has  one  Requijite  for  this  Purpofe,  which  is  al¬ 
ways  wanting  in  common  horizontal  Dials  though  ever  fo  large; 
It  is  belides  applicable  to  all  other  Purpofes  of  a  portable  Dial, 
and  will  ferve  for  all  Latitudes  from  20  to  60  Degrees. 


THE  END< 
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ADVERTISEMENT. 

i 

I.  CjEographical  Clocks,  which  fhew  the  Motion  of  the 
Earth  upon  it’s  Axis,  arid  of  it’s  Axis  about  the  Pole  of  the 
Ecliptic  once  in  a  Yearj  whereby  all  the  geographical  Pheno¬ 
mena  of  the  terreftrial  Syftem,  with  Regard  to  the  Pofition  of  the 
Earth,  Seafons  of  the  Year,  Length  of  Days  and  Nights,  &c. 
ariling  from  the  diurnal  and  annual  Motion  of  the  Earth,  are 
exhibited  for  every  Day,  Hour,  and  Minute  throughout  the 
Year,  by  an  artificial  Globe  kept  in  conftant  Motion  by  the  Clock* 

r  '  v  i 

II.  Heliojlatical  and  Vianet  ary  Clocks  $  which  fhew  the 
Time  correfponding  to  the  Motions  of  the  Sun,  Moon,  Pla¬ 
nets,  and  Stars,  by  the  peculiar  Strudlure  of  a  Pendulum. 

i  /  \  ,  ' 

Alfo  the  heavenly  Bodies  are  at  any  Time  rendered  apparently  at 
Rejly  and  the  Sun-Beams  fixed  for  optical  Experiments ,  by  a  new 
Piece  of  Mechanifm  for  that  Purpofe. 

III.  A  horizontal  Dial  for  fetting  Clocks  true  to  a  Minute 
in  any  Latitude  between  20  or  60  Degrees,  by  a  fpecial  Cir- 
cumflance  of  the  Gnomon,  and  a  n  Equation-Table. 

At  Mr.  Martin’s  Shop  may  be  had,  all  Kinds  of  Infiruments 
and  Machines  ufed  in  Pbilofophy>  AJlronomy ,  Optics ,  Hydrojlatics , 
Dialling ,  Surveying ,  Navigation ,  Mechanics ,  &c.  moft  of  them  on 
a  new  and  advantageous  Conftrudlion,  derived  immediately  from 
the  Theory,  and  whofe  Ufes  are  deferibed  in  particular  Treaties 
to  be  had  with  them* 


